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NOflCE::  %eB  goveirdiigrit  or  ot^er  dravlBgs,  specie 
fieations  or  other  data  are  used  for  az^  purpose 
Other  theuQ  eonneOtiOn  vith  a  defiaitely  related, 
goverrmient  procuranent  Operation^  the  tJ*  S, 

GOve3mmeat  thereby  ihcurs  hO  responsibiltty,  nor  any 
obligation  Tdiat soever;  and  the  fact  that  Ifee  Cavern 
ment  may  have  fOimui.ated,  furnished,  or  in  any  yay 
supplied  the  said  drawings.  Specifications,  or  Other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  azy  manner  licensing  the  holder  or  suay 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  mahufacture,  use  or  sell  any 
patented  invention  that  irnty  in  any  way  be  related 
thereto* 
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Male  and  fensale  MeJ  Mee  wera  mated  and  tiae  respiting  prapianeies 
were  surgleaily  interrupted  at  variotas  stages  of  gestation.,  The  emlbryOs 
were  disteoted  and  identical  organs  (liYer>  thyffius,  gut,  flaGenta,  and 
iMhiMouB)  from  each  separate  pregaanGy  were  pooled  and  indeGted  ii  p^ 
into  suhlethaily  Irradiated  (500  rad)  hybrids  (either  BMb/c  x  A)f^ 

Or  (0571*  X  A)|'^)  »  Death  of  the  hybrids  •v4thin  §0  days  was  the 
eriterioa  for  the  preseaGe  of  iamrunologicaily  cciipeteat  cells  in  the 
inoculianLi  At  the  end  of  this  period  the  stunrivors  were  saGrifieed, 
their  spleens  and  lymph  nodes  homogenized,  and  injected  i.  p.  into 
suhiethally  irradiated  P|^  hybrids  of  the  other  typeo  Again  death  within 
60  days  was  the  eriterion  for  the  presence  of  immunologically  cifflipeteat 
cells  in  the  inoculumo 

Qne  death  occurred  among  the  primary  hosts  (placenta  1/8). 
immunolOgiGally  conpetent  cells  (AHeJ)  were  detected  in  secondary 
recipients  of  2nd  trimester  fetal  liver  (s/S,)#  2nd  trimester  thymus  (3/3)# 
and  3rd  trimester  fetal  liver  ( 11/ 12)0  No  inmunologicslly  Competent 
cells  (AHeJ)  were  fo^md  in  secondary  recipients  of  3rd  trimester  and 
newhom  thymus  (l/l4)o  Deaths  occurred  among  secondary  hosts  of  fetal 
gat  (3/5)>  umbilieus  (l/3)r  ft?^d  placenta  (2/9) »  Siere  were  two  deaths 
(2/29)  among  the  secondary  control  miceo  It  is  concluded  that  2nd  and 

i 


SIMM 

Ihfe  Profeiem; 

Recent  obseiTratiSns  have  focnsed;  attenti-Gn  mpon  tfee  laanmialian 
enitSyonlG  and  neonatal  tiipnis  as  a  critiGal  organ  in  the  uitiaate  de¬ 
velopment  of  ImmunGlogicai  conipetenGeo  HGvrever,  other  data  indicate 
that  monse  fetal  liver  may  he  a  sonrce  Gf  potential  imnunoiogicaiiy 
cGBpetent  cells.  The  present  work  adds  further  evidence  fbr  the  preseace 
Gf  potential  ImMunologically  coifipetent  cells  in  hoth  mouse  fetal  liver 
and  thptus. 

The  Mndings: 

Male  and  female  MeJ  mice  were  mated  and  the  resulting  pregnancies 
were  surgically  interrupted  at  various  stages  of  gestation.  The  emhry©s 
were  disseeted  and  identical  organs  (liver,  th^us>  gut,  placenta,  and 
umhilicus)  from  each  separate  pregnancy  were  pooled  and  injected  i..  p. 
into  sublethally  irradiated  (5OO  rad)Fj^  hybrids  (either  (iMfi/e  x 
or  (C57iEi  X  A)F^).  Death  of  the  F^^  hybrids  idthin  60  days  ■was  the 
criterion  for  the  presence  of  immunGlGgically  competent  cells  in  the 
inoculum.  At  the  end  of  this:  period  the  survivors  were  sacrificed, 
their  spleens  and  lymph  nodes  homogeriized,  and  Injected  i.  p.  into 
sublethally  irradiated  F^  hybrids  of  the  other  type.  Again  death  within 
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60  days  was  the  criterion  for  the  presence  of  innunologically  conqjetent' 
cells  in  the  inoculum* 

One  death  occurred  among  the  primary  hosts  (placenta  1^ ) • 
Inmunologically  competent  cells  (AHeJ)  were  detected  in  secondary 
recipients  of  2nd  trimester  fetal  liver  (3/3),  2nd  trimester  thymus 
(3/3),  and  3rd  trimester  fetal  liver  (11/12).  Ho  iimtunologlcally 
competent  cells  (AHeJ)  were  found  in  secondary  recipients  of  3rd 
trimester  and  newborn  thymus  (1/14)*  Deaths  occtirred  among  secondary 
hosts  of  fetal  gut  (3/5),  umbilicus  (1/3),  and  placenta  (2/9)*  There 
were  two  deaths  (2/29)  among  the  secondary  control  mice.  It  is  concluded 
that  2nd  and  3rd  trimester  mouse  fetal  liver,  2nd  trimester  fetal  thymus, 
and  perhaps  other  fetal  tissues  contain  potential  immimologically 
conqjetent  cells.  The  theoretical  significance  of  these  data  is  dlscttssed* 
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iNTROiUetlCW 

Becefit  obsetvatiohs  have  f  octided  attantidn,  upon  the  eafef ybhic  and' 
heohatal  thyncs  as  a  cJ'itieai.  organ  in  the  ii^tiinate  deveidpment  of 
iasimold^dal  cdmpetence*  I^imutz  Cl)  demonstrated'  that  the  opossum 
embry©  was  ahle  to  react  against  antigenic  stimuli  as  soon  as  the  thymus 
had  maturedy  hut  prior  to  maturation  of  other  "lyB^shoid  organs''**  Miller 
(2)  j  Hbrtinez  et  al  (3)'  and  others  (4-7)  have  shown>  that  mice  and  rats 
thymectoinized  tithin  hoisrs  of  hirth  have  a  marhediy  reduced  life  span 
and  a  hroad  inpiirment  of  their  itmunolo:|ical  responsiveness*  it  has 
been  suggested  (2-9)'  that  the  fetal  thymus  and  its  descendent  Ip^ho- 
epithelial  cells,  either  hy  the  centrifugal  distrihution  of  thpioeytes 
which  give  rise  directly  to  functionally  active  "collateral'*  cells,  or 
hy  some  as  yet  unMown  process  whieh  promotes  proliferation  and 
maturation  of  locally  arising  lynphocytic  cells>  govern  the  immunological 
reactivity  of  the  mammalian  organism* 

However,  rodents  protected  against  the  lethal  effects  of  X-radiatipn 
by  the  intravenous  infusion  of  isogenic  or  allogeneic  fetal  liver  cells 
manifest  none  of  the  stigmata  of  immomolo^cal  inconpetenoe  (10-14)* 
Iforeover,,  horia  et  al  (1§),  using  12-1$  day  mouse  emhryos,  demonstrated 
that  fetal  liver  "contained  potential  or  actual  antihody  forming  cells" 
which  when  transplanted  into  lethally  irradiated  hosts,  conferred  upon 
them  a  e<miFetent  impKuae  system  of  the  donor  type*  The  present  comlimini- 
Cation  is  inteUded  to  add  fiufther  evidence  for  the  presence  of  potential 
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inmnondiLeigieaMy  edn#eteh%  eelis  la  laoth  fetal  Mvef  aat  thyatU;s>  aad  to 
discJiss  ■briefly  the  pOssiMe  sigMficahGe  of  these  and  the  ahove 
cited  datso 

mmtmiiS  m  MBfiioPs 

The  presettGe  ©f  potential  immunologiGally  reactive  ceils  in  vafiOtiS: 
fetal  tissues  W.s  determined  ly  the  parental-fj,  hybrid^  ,graft“versus- 
host  method  of  Cole  (l6)>  with  the  following  moMfiCation.  It  could 
■be  assumed  that  any  iaanature  Ijt^hoid  cells  WhiGh  might  he  present  in  an 
inoGUlum  of  parental  strain  fetal  tissue  would  rapidly  develop  toleranGe 
to  their  suhlethaily  irradiated  hybrid  h©st.>  and,  as  a  resuit>,  their 
presence  would  not  he  detectedo  If,  however>  fflaturatioa  of  these 
potential  immunologicaily  Goapetent  cells  OGCurred  in  the  F^^  hybrid  host, 
it  should  he  pOsSihle  to  demonstrate  them  upon  transfer  to  an  F^  hybrid 
of  another  type  (one  parent  in  common). 

Twelve  week  old  miee,  either  (G57t<  x  A)F^  or  (iMJl/e  x  A)F^  (called 
LAFj^  and  GAF^^  respeGtively),  which  had  reeei'ved  5^  ^d  whole  body  X  radi^ 
ation  just  prior  to  the  i?  po  inject  ion  of  parental  strain  fetal  tissue,, 

Were  used  as  primary  hosts.  IPeath  Of  these  subletbally  irradiated  F^ 
hybrids  within  6o  days  was  the  eriterion  for  the  presence  ©f  irrounologically 
Gonipetent  cells  in  the  inoculum:  At  the  end  of  this  period,  each 
survivor  was  sacrificed;  its  spleen  and  lymph  nodes  extirpated,  lightly 
homogenized  in  cold  Tyrode’s  solution,  and  the  cell  suspension  injected 
into  1  or  2  sublethally  irradiated  F^  hybrids  of  the  other  type,  Again, 
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death  of  the  secondaiy  host  within  66  days  iadieated  the  ppesence  of 
innnunoiOgicaliy  reactive  parental  stiain  cells  in  the  inoonitim* 
nyhrids  (of  the  same  type  as  the  piSmary  host)>  wMeh  had  received 
500  rad  idiole  hody  X  radiation  hut  no  injection  of  fetal  tissue,  served 
as  primary  radiation  controlSb  Suhlethally  irradiated  hybrids  (of 
the  same  tjpe  as  the  secondary  host)>  which  received  an  i.  p^  injection 
of  spleen  and  lymph  nodes  from  the  primary  control  animals,  were  the 
controls  for  the  secondary  hestSo  The  irradiated  mice  were  housed  4“ 16 
per  cageo  ihe  diet  was  Purina  lab  Chow,  and  water  (coataining  10 
Bfeoi^Gin)  Was  given  ad  lihitumo 

Male  and  female  AleJ  mice  were  mated  and  the  resultant  pregnancies 
Were  surgically  extirpated  at  various  stages  of  gestation.  The  embryos 
were  separated  from  the  other  products  of  conception  without  contamination 
by  maternal  hiood  or  tissue,  and  the  various  organs  under  study  were 
dissected  free  in  the  cold.  Identtcal  organs  from  a  single  pregnancy 
were  pooled  in  cold  Tyrode's  solution  and  the  cells  were  ddsBOciated  by 
gentle  aspiration  through  a  23  gauge  needle.  Where  placental  tissue 
was  used,  the  organs  were  grossly  dissected  free  of  maternal  decidua, 
finely  mineed  in  cold  Tyrode's  solution,  and  the  cells  were  dissociated, 
by  gentle  aspiration  through  a  20  gauge  needle.  It  is  doubtful  that  the 
placental  tissue  was  entirely  free  of  maternal  contamination.  The  ceU 
suspensions  were  then  injected  intraperitoneally  into  1  or  2  irradiated 
hybrids..  Each  pregiiancy  was  ccpprised  pf  from  three  to  nine  embryos 
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of  from  11  days  gestation  to  the  newly  born.  The  fetal  organs  used  were 
thymus,  liver,  gut,  rambilicus  and  placenta.  Primary  recipients  of  fetal 
thymus  received  from  1  -  10  x  10^  nucleated  cells  per  animal  while 
recipients  of  fetal  liver  received  from  25  -  150  x  10^  nucleated  cells. 

No  attempt  was  made  to  quantitate  the  number  of  gut,  umbilicus  or 
placenta  cells  given, 

RESULTS 

As  can  be  seen  in  Table  I,  one  death  occurred  among  the  primary 
hosts  (placenta  l/B)f  indicating:  (l)  the  absence  of  mattire  immonologically 
competent  cells  in  the  fetal  tissue  injected,  (2)  Inadeqxuite  numbers  of 
these  cells  were  given,  or  (3)  the  potential  lymphoid  cells  in  the 
inoculum  were  incapable  of  reactivity  in  this  system.  However,  deaths 
did  occur  among  the  secondary  recipients  of  fetal  liver  and  thymus  from 
11  or  12  day  gestations  (3/3  and  3/3),  and  among  secondary  hosts  of 
third  trimester  fetal  liver  (11/L2),  There  was  one  death  among  tha 
secondary  recipients  of  third  trimester  and  new  born  thymus  (1/L4)*  The 
deaths  occurring  among  secondary  recipients  of  fetal  gut  (3/5),  umbilicus 
(1/3)  and  placenta  (2/9)  may  be  explained  by  contamination  with  fetal 
liver,  \diich  occurred  occasionally  during  dissection,  in  the  case  of 
gut  and  umbilicus,  and  by  contamination  with  maternal  tissue  in  the 
case  of  placenta.  These  latter  findings,  however,  warrant  further 
investigation.  There  were  two  deaths  (2/29)  among  the  secondary  control 
animals  (both  occturring  in  mice  housed  in  the  same  cage), 

); 


DISCUSSIOH 

On  the  basis  of  these  data  and  of  the  observations  of  Doria  at  al 
is  apparent  that  fetal  liver  and  2nd  trimester  fetal  thyaus 
contain  potential  Imunologlcally  conpetent  cells ,  vfaich  under  the 
proper  conditions  are  capable  of  loamnologleal  reactlvitj*  These  cells 
vere  characterized  by  an  apparent  initial  absence  of  lammologloal 
reactivity  in  this  systeB  and/or  an  increased  ability  to  beceae 
"tolerant*  of  allogeneic  living  cells »  It  should  be  noted  that  cells 
of  slBilar  potential  vere  not  found  in  3rd  trijaester  thjnans  or  in  new¬ 
born  thyanis*  It  is  of  Interest  that  Delaasso  et  al  (6)  in  their  study 
of  the  iBDtunological  competence  of  spleen  cells  from  nice  thynectomlzed 
during  early  neonatal  life,  observed  that  these  cells  manifested  no 
reactivity  in  primary  hosts.  The  present  data  suggest  that  such  cells 
mig^t  veil  have  exhibited  Immunological  reactivity,  had  they  been 
transferred  to  suitable  secondary  hosts. 

That  the  thjrmus  is  not  the  only  source  of  cells  possessing  potential 
immunological  competence  in  the  mouse  fetus  now  seems  clear.  Mouse  fetal 
liver  and,  perhaps,  other  fetal  tissues  (i.e.,  gut,  spleen,  lymph  nodes) 
nay  contain  cells  vhlch,  under  the  proper  circumstances,  and  when 
exposed  to  appropriate  stimuli,  are  capable  of  inaminological  reactivity. 
The  nanimalian  "immune  system"  may,  therefore,  be  composed  of  distinct 
"lines"  of  cells,  phylogenetically  derived  at  different  times,  vdilch 
manifest  diversity  in  degree,  mode  and  specificity  of  their  reactivity. 
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TABIZ  I 


POISIITIAL  IMMDNOLO(I[CAII.I  CGMPETEIIT  CT.TJI 
IN  THE  LIVER  AND  THIMOS  G?  A/^bJ  MOOSE  EMBSTG6 


TRIMESIER 

OP 

PREGNANCT 

FETAL  CELLS 
XICJSCTEiD 
(A/^J) 

‘  RgJAT  HUlTALlTKlIUytOrAL) — 

Primary  Host  Secondary  Host 
(LAPj^  or  CAPiJ(LAPi  or  CAP^^) 

MEAN 

SURVIVAL  TI« 
(days) 

Second 

Thymus 

0/2 

3A 

15 

Liver 

0/2 

3A 

26 

Placenta 

oA 

lA 

47 

Gut 

oA 

OA 

None 

0/6 

0/6 

Third 

Thymus 

oA 

lA2 

34 

Liver 

oA 

11/12 

19 

Placenta 

lA 

2/9 

16 

Out 

0/5 

3/5 

16 

Ifadblllcus 

0/3 

lA 

10 

None 

0A2 

2A9 

10 

Newborn^ 

Thymus 

o/i 

0/2 

None 

0/6 

0/4 

Pooled  data  from  tvo  separate  pregnancies  (11  and  12  day  gestation) 
**Fooled  data  from  seven  sepeurate  pregnancies  (18  to  20  day  gestation) 
^One  litter  of  seven 
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but  iiMch  In  the  adult  anlsal  occur  as  an  apparentlT*  homogensous  cell 
population*  It  is  proposed  that  during  the  3rd  trlnester  of  pregnancy 
in  ulce,  the  lyatpho-epithelial  cells  of  the  thyans  differentiate  frost 
other  potential  Insiunologlcally  eoiqjetent  cells,  and  that  at  about  the 
tlJM  of  birth  they  idgrate  to  the  ultlaate  sites  of  laanmologleal 
reactivity*  Here,  the  thyaocytes  and  their  direct  descendants.  In  the 
adult  as  well  as  In  the  neonate,  are  not  theaselves  prlsarily  Issamcloglcally 
reactive  in  the  classic  sense;  however,  in  soaie  way,  as  yet  unknown  they 
are  capable  of  suxllfylng  or  augsenting  certain  lines  of  lys^hold  cells, 
l*e.,  by*hormonal*meane ,  or  by  inforsuition  transfer,  thereby  detemlnlng 
the  extent,  and  Increasing  the  specificity  of  their  Isasunologleal 
reactivity. 

Thus,  one  say  regard  the  nananallan  thysaus  as  a  recent  Ismnmologlcal 
aoqulsltlon  whose  functions  Include  dlscrladnatlon  of  fine  antigenic 
differences  and  tbs  governance  of  reactivity  of  certain  lines  of  less 
sophisticated  lymphoid  cells* 
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Director,  Naval  Research  Laboratory  (Code  2021) 

Office  of  Naval  Research  (Code  422) 

Office  of  Naval  Research  (Code  441) 

Office  of  Naval  Research,  FFO,  New  York 
Naval  Medical  Research  Institute 
OIC,  Radiation  Exposure  Evalxiation  Laboratory 
Director,  Aviation  Medical  Acceleration  Laboratory 
U.So  Naval  Postgraduate  School,  Monterey 
CoBsaander,  Naval  Ordnance  Laboratory,  Silver  Spring 
Naval  Missile  Center  (Code  5700) 

U«S.  Naval  Hospital,  San  Diego 

CO,  Naval  Medical  Research  Unit  2 

CO,  Naval  Medical  Field  Research  laboratory.  Camp  Lsjeune 
ARMY 


Chief  of  Research  and  Development  (Atomic  Division) 

Chief  of  Research  and  Development  (life  Science  Division) 
Deputy  Chief  of  Staff  for  Military  Operations  (CBR) 

Chief  of  B:iglneer8  (ENBHC-DE) 

Chief  of  Ihgineers  (ENGCW) 

CO,  Army  Materiel  Command  (AMCRD-DE-NE) 

CG,  USA  CBR  Agency 

President,  Chemical  Corps  Board 

CO,  BW  Laboratories 

CO,  Chemical  Corps  Training  Command 

Commandant,  Chemical  Corps  Schools  (Library) 

CO,  Chemical  Research  and  Development  Laboratories 
Conmander,  Chemical  Corps  Nuclear  Defense  Laboratory 
Hq*,  Army  Fhvlronmental  Hygiene  Agency 
CG,  Aberdeen  Proving  Qroxmd 
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52 

53 

54 

55-56 

57 

58 

59 

60 
61 
62 
63 

64r*66 

67 

68 

69 

70 

71 

72 


73 

74-79 

80 

81 

82 

83 

84 

85 

86 

87 

88 
89 

90-91 

92 

93 


94-96 

97 

98 

99 

100-101 


102-103 

104 

105-114 

115 


CO,  Axraj  Medical  Research  Laboratory,  Fbrt  &iox 

knaj  Medical  Research  and  Nutrition  Laboratory  (MED£K-AD) 

CO,  Amy  Medical  Service  Comdbat  Developiasnt  Agency 
Medical  Field  Service  School,  Fort  Saa  Houston  (Stlason  Idb*) 
Brooke  Amy  Medical  Center  (Dept.  Prev.  Msd.) 

Director,  Surgical  Research  Ihilt,  Fort  Sam  Houston 
Director,  Walter  Reed  Amy  Medical  Center 
Hq.,  Amy  Nuclear  Medicine  Research  Detachment,  Europe 
CG,  Cbinbat  Developments  Conaand  (CDCMR-V) 

CG,  Quartemiaster  Res.  and  &ig.  ConoBand 
Hq.,  Dugkray  Proving  Ground 
The  Surgeon  General  (MEDNE) 

Office  of  the  Surgeon  General  (Cmribat  Dev.) 

CG,  fhglneer  Res.  and  Dev.  Laboratory 
Director,  Office  of  Special  WeajBone  Development 
CG,  Munitions  Command 
CO,  Frankford  Arsenal 
CG,  Amy  Missile  Coomand 

AIR  FORCE 

Assistant  Chief  of  Staff,  Intelligence  (AFCIN-3B) 

CG,  Aeronautical  Sjjrstems  Division  (ASAPRD-NS) 

CO,  Radiological  Health  Laboratory  Division 
Director,  USAF  Project  RAND 

Coxnnandant,  School  of  Aero^ce  Ifediclne,  Brooks  AFB 
CO,  School  of  Aviation  Ifediclne,  Gunter  AFB 
6571st  Aeromedical  Research  lab.,  Holloman  AIB 
Radiobiological  Laboratory 

Office  of  the  Surgeon  (SUT^.l),  Strategic  Air  Coninand 

Office  of  the  Sxrrgeon  General 

CG,  Special  Weapons  Center,  Klrtland  AFB 

Director,  Air  University  Library,  KaxtreU  AJB 

Commander,  Technical  Training  Wing,  3415th  TTG 

Hq.,  Second  Air  Force,  Barksdale  AFB 

Conmander,  Electronic  Sjystems  Division  (CRZT) 

OTHER  POD  ACTIVITIES 


Chief,  Defense  Atomic  Support  Agency  (Library) 
Comnander,  FC/DASA,  Sandla  Base  (FCD7) 

Commander,  FC/DASA,  Sandla  Base  (FCTG5,  library ) 
Commander,  FC/DASA,  Sandla  Base  (FCWT) 

Office  of  Civil  Defense,  Washington 

Civil  Defense  Unit,  Amy  Library 

Armed  Forces  Institute  of  Pathology 

Armed  Services  Technical  Information  Agency 

Director,  Armed  Forces  Radiobiology  Research  Institute 
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AEG  ACTIVITIES  AND  OTHERS 


116 

117 

118 

119 

120 
121 

122-126 

127-136 

137-138 

139 

liiO 

141-U3 

f 

148-150 

151-152 

153 

15A-157 

158 

159 

160 
161 

162-164 

165-166 

167 

168 
169 

170-171 

172-173 

174-181 

182 

183 

184 

185 

186 
187 

188-189 

190 

191 

192 

193-194 

195 

196 

197-198 

199 

200 
201 
202 
203 


Research  Analysis  Corporation 

Idfe  Science  Officer,  AEC,  Washington 

Director,  Division  of  Biology  and  Ksdlclne 

NASA,  Amss  Research  Center,  Moffett  Field 

Naval  Attache,  Stockholm  (for  CooBodore  Troell) 

Aerojet  General,  Azusa 

Argonne  Cancer  Research  Hospital 

Argonne  National  Laboratory 

Atomic  Bomb  Casualty  Comission 

ABC  Scientific  Representative,  France 

AEC  Scientific  Representative,  Japan 

Atomic  Fhergy  Commission,  Washington 

Atomic  Fhergy  of  Canada,  limited 

Atondcs  International 

Battelle  Memorial  Institute 

Borden  Chemical  Company 

Brookhaven  National  Laboratory 

Chicago  Patent  Groiq) 

Colorado  State  University 
Coluidsia  University  (Rossi) 

Committee  on  the  Effects  of  Atomic  Radiation 
Defence  Research  Meniber 
duPont  Company,  Aiken 
duPont  Company,  Wilmington 

Edgerton,  Germeshatisen  and  Grier,  Ihc.,  Goleta 

Edgerton,  Germeshausen  and  Grier,  Inc.,  Las  Vegas 

General  Dynamics,  Fort  Worth 

General  Electric  Company,  Cincinnati 

General  Electric  Conqpany,  Richland 

General  Electric  CoBg>any,  St.  Petersburg 

General  Scientific  Corporation 

Hujjies  Aircraft  Congiany,  Culver  City 

Iowa  State  University 

JoTimal  of  Nuclear  Medicine 

Knolls  Atomic  Power  Laboratory 

Los  Alamos  Scientific  Laboratory  (library) 

Lovelace  Foundation 

Martin-Marietta  Corporation 

Massachusetts  Institute  of  Technology 

Midwestern  Universities  Research  Association 

Mound  Laboratory 

National  Academy  of  Sciences 

NASA,  Scientific  and  Technical  Information  Facility 
National  Bureau  of  Standards  (Taylor) 

National  Cancer  Institute 
National  Lead  Company  of  Ohio 
National  library  of  Medicine 
New  Jersey  State  Department  of  Health 
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204 

205 

206 

207-208 

209^212 

223-214 

215 

216 

217 

218 

219-223 
'  224 

225 

226 
2Zl 
228 

229 

230 

231 

232-234 

235-236 

231 

236 

239 

240 

241 

242 

243 

244 

245 

246 
2kl 

21tB 

249 

250-274 


275-310 


New  Tork  Operations  Office 
New  York  IMverslty  (SLsenbtid) 

Office  of  Assistant  General  Counsel  for  Patents 

Phillips  PstroleuB  Canpan7 

Pratt  and  Nhltne7  Aircraft  OlTlalaQ 

Public  HsalUi  Serrloe,  Vbshlngtoii 

Public  Health  Serrice,  Las  Tegas 

Pdbllc  Ifealth  Service,  MbntgaasrT- 

Sandla  Corporation,  Albuq^ii^que 

tfailon  Carbide  Nuclear  Coagpaxgr  (0R(H)P) 

Ctalon  Carbide  Nuclear  Conqieiqr  (ORNL) 

Ihilon  Carbide  Nuclear  Coopanj  (Paducah  Plant) 

United  Nuclear  Corporation  (NDA) 

U.S.  Qeologleal  Survey,  Denver 

U.S.  Geological  Survey,  Msnlo  Park 

U.S.  Geological  Survey,  Naval  Vfeapons  Plant 

U.S.  Geological  Survey,  Washington 

U.S.  Weather  Bureau,  Washington 

Uhlverslty  of  California,  Davis 

Italverslty  of  California  Lawrence  Radiation  Lab.,  Berkeley 

University  of  California  lawrence  Radiation  lab.,  Idveraore 

University  of  California,  Los  Angeles 

University  of  California,  San  Ptaneisco 

University  of  Chicago  Radiation  laboratory 

University  of  Hawaii 

University  of  Puerto  Rico 

University  of  Rochester  (Atomic  Baergy  Project) 

University  of  Tennessee  (UTA) 

University  of  Utah 

University  of  Washington  (Donaldson) 

Wayne  State  University 

Westin^ouse  Electric  Corporation  (Rahllly) 

Iffestlnghouse  Electric  Corporation  (NASA) 

Western  Reserve  University  (Frledell) 

Technical  Information  Extension,  Oak  Ridge 

USNRDL 

USNEIDL,  Technical  Information  Division 


DISTRIBUTION  DATEs  i  February  I963 
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